INTRODUCTION
============

Gastric subepithelial tumors (SETs) are commonly encountered during upper endoscopic examination, and with the widespread use of screening endoscopy, the detection rate of SETs has continued to increase. Large SETs and symptomatic lesions that require surgical treatment usually do not require a pre-operative tissue diagnosis \[[@b1-kjim-2015-093]\]. Small SETs, especially lesions less than 1 cm in size, are recommended for regular endoscopic follow-up without tissue diagnosis or treatment \[[@b2-kjim-2015-093]\]. However, intermediate-sized lesions require a differential diagnosis due to the difference in therapeutic approaches between SETs with and without malignant potential. Tissue diagnosis is difficult because SETs are covered with normal epithelium, and the layer of origin cannot be assessed by conventional endoscopy. Periodic endoscopy with endoscopic ultrasound (EUS) is usually performed for this type of lesion in order to characterize and identify SETs; in addition, the hypoechoic masses that may originate from the 3rd or 4th echo layer require histological confirmation \[[@b3-kjim-2015-093]\]. However, no consensus exists as to the use of endoscopic biopsy, and due to the risk of tumor seeding, histological confirmation through surgery has been suggested, especially for lesions that are suspected to be gastrointestinal stromal tumors (GISTs) \[[@b4-kjim-2015-093]\]. Although all GIST lesions have the potential for malignancy, controversies persist in regards to whether surgical morbidity or mortality is acceptable in the removal of SETs including lesions with low malignant potential \[[@b1-kjim-2015-093],[@b5-kjim-2015-093]\].

With the advancement of endoscopic skills and expertise, endoscopic submucosal dissection (ESD) has been performed in order to obtain tissue specimens, not only for lesions that are located in the submucosal (SM) layer, but even for those in the muscularis propria (MP) \[[@b6-kjim-2015-093]\]. ESD allows for dissection below the tumor under direct vision \[[@b7-kjim-2015-093]\]. Due to the potential of organ preservation and the less invasive nature of the ESD technique compared with surgical treatments, ESD might be preferred if therapeutic outcomes including safety indices are satisfied. The aim of this study was to evaluate the current evidence in regards to the therapeutic outcomes of ESD for the treatment of gastric SETs.

METHODS
=======

Literature search
-----------------

MEDLINE (through PubMed), EMBASE, and the Cochrane Central Register of Controlled Trials (CENTRAL) in the Cochrane Library were searched using common keywords related to ESD for the treatment of gastric SETs (from inception to July 2014). Medical Subject Headings (MeSH) terminology and user keywords that are commonly used in relevant articles were selected. The keywords included 'endoscopic submucosal dissection,' 'ESD,' 'endoscopic resection,' 'subepithelial tumors,' 'SET,' 'submucosal tumors,' and 'SMT' using Boolean operators. Only publications on human subjects were sought, and the bibliographies of relevant articles were also reviewed in order to identify additional studies.

Selection criteria
------------------

We included studies that met the following criteria: (1) the study was designed to evaluate the efficacy of ESD including endoscopic muscularis dissection for the treatment of gastric SETs and (2) the study included therapeutic outcomes (complete resection rate, recurrence rate or procedure-related adverse event rate) that enabled an evaluation of the feasibility of ESD for gastric SETs. The exclusion criteria were as follows: (1) studies with incomplete data, (2) review articles, (3) animal studies, or (4) letters or case articles.

Selection of relevant studies
-----------------------------

Two of the authors (C.S.B. and G.H.B.) independently evaluated the eligibility of all studies that were retrieved from the databases. The evaluation was based on the predetermined selection criteria. The abstracts of all identified studies were reviewed to exclude irrelevant articles. Full-text reviews were performed to determine whether the inclusion criteria were satisfied by the remaining studies. Disagreements between the two evaluators were resolved by discussion or by consultation with a third author (D.J.K.).

Assessment of methodological quality
------------------------------------

The methodological quality of the enrolled studies was assessed with the Newcastle-Ottawa scale. This tool comprises the following three parameters: the selection of the study population, the comparability of the groups, and the ascertainment of the exposure or outcome. Each parameter consists of subcategorized questions as follows: selection (n = 4), comparability (n = 1), and exposure or outcome (n = 3) \[[@b8-kjim-2015-093],[@b9-kjim-2015-093]\]. The stars awarded for each item allow for a rapid visual assessment of the methodological quality of the studies. A study can be awarded a maximum of nine stars, which indicates the highest quality. Two of the authors (C.S.B. and G.H.B.) independently evaluated the methodological quality of all the studies, and disagreements between the two evaluators were resolved by discussion or by consultation with a third author (D.J.K.).

Primary and modifier-based analyses
-----------------------------------

Two of the authors (C.S.B. and G.H.B.) independently extracted the outcomes of all the studies, and disagreements between the two evaluators were resolved by discussion or by consultation with a third author (D.J.K.). The primary outcomes were as follows: (1) complete resection rate, which was the proportion of removed SETs with no components at the lateral or vertical margins on microscopic analysis; (2) recurrence rate, which was the proportion of SETs that reappeared at the site of the lesion (local recurrence) or synchronous, metachronous, or distant metastatic lesions; and (3) adverse event rate, which was the proportion of SETs whose treatment resulted in procedure-related gastric hemorrhage or perforation. We also performed sensitivity analyses based on the origin of the SETs in terms of the gastric layer and on the lesions that were confirmed to be GISTs. Both a cumulative analysis and a one-study-removed analysis were also performed.

Statistics
----------

Comprehensive Meta-Analysis (CMA) software version 2.2.064 (Biostat; Borenstein M, Hedges L, Higgins J, and Rothstein H. Englewood, NJ, USA) was used for this meta-analysis. We calculated the pooled complete resection rate and the adverse event rate with 95% confidence intervals (CIs) from the enrolled studies. Heterogeneity was determined using the *I*^2^ test, which was developed by Higgins; this test measures the percentage of total variation across studies \[[@b10-kjim-2015-093]\]. *I*^2^ was calculated with the following formula: *I*^2^ (%) = 100 × (Q-df) / Q, where Q is Cochrane's heterogeneity statistic and df signifies the degree of freedom. Negative values for *I*^2^ were set to zero, and an *I*^2^ value over 50% was considered to be of substantial heterogeneity (range, 0% to 100%) \[[@b11-kjim-2015-093]\]. Pooled-effect sizes with 95% CIs were calculated with a random effects model and with the method of DerSimonian and Laird \[[@b12-kjim-2015-093]\]. These results were confirmed by the *I*^2^ test. A fixed effects model that included the inverse variance-weighted (Woolf's) method was used in the sensitivity analyses, including cumulative and one-study-removed analyses, based on the assumption of a common effect size shared by the studies within each subgroup \[[@b13-kjim-2015-093],[@b14-kjim-2015-093]\]. Significance was set at *p* = 0.05 in both models. Publication bias was evaluated with Begg's funnel plot, Egger's test of the intercept, Duval and Tweedie's trim and fill, and Begg and Mazumdar's rank correlation test \[[@b15-kjim-2015-093]-[@b19-kjim-2015-093]\].

RESULTS
=======

Identification of relevant studies
----------------------------------

[Fig. 1](#f1-kjim-2015-093){ref-type="fig"} contains a flow diagram that shows how relevant studies were identified. A total of 163 articles were identified by a search of three core databases. In all, 54 duplicate studies and an additional 92 studies were excluded during the initial screening through a review of the titles and abstracts. The full texts of the remaining 17 studies were then thoroughly reviewed. Among these studies, eight were excluded from the final analysis. The reasons for study exclusion during the final review were as follows: review article (n = 2) or incomplete data (n = 6). The remaining nine studies were included in the final analysis \[[@b7-kjim-2015-093],[@b20-kjim-2015-093]-[@b27-kjim-2015-093]\].

Characteristics of the studies
------------------------------

Within the nine studies, we identified a total of 290 SETs from 288 patients (98 men and 190 women; 44 SETs originated from the SM layer and 246 SETs originated from the MP layer). The clinical characteristics of the patients from the included studies are shown in [Tables 1](#t1-kjim-2015-093){ref-type="table"} and [2](#t2-kjim-2015-093){ref-type="table"}. The included studies were published between 2006 and 2013. Seven studies were conducted in Asia \[[@b7-kjim-2015-093],[@b20-kjim-2015-093],[@b23-kjim-2015-093]-[@b27-kjim-2015-093]\] (three studies in China \[[@b24-kjim-2015-093],[@b25-kjim-2015-093],[@b27-kjim-2015-093]\], two studies in Japan \[[@b7-kjim-2015-093],[@b23-kjim-2015-093]\], one study in Korea \[[@b26-kjim-2015-093]\], and one study in Taiwan \[[@b20-kjim-2015-093]\]), and two studies were conducted in Europe (one study in Poland \[[@b21-kjim-2015-093]\], and one study in Italy \[[@b22-kjim-2015-093]\]). All of the included studies were written in English.

The age of the enrolled patients ranged from 52.3 ± 18.2 to 65.3 ± 6.3 (mean ± SD). The diameter of the lesions ranged from 17.99 ± 7.86 to 38 ± 22.1 mm. The procedure time ranged from 32.29 ± 20.55, and the median procedure time was 119.1 minutes (range, 40 to 240). The procedure was performed under general anesthesia in 235 patients and under conscious sedation in 53 patients. Symptoms were present in 84 of the 216 identifiable patients. The symptoms were as follows: abdominal pain, discomfort, or heartburn (n = 65), gastrointestinal hemorrhage (n = 10), other symptoms (n = 7), or unidentifiable symptoms (n = 2). The follow-up duration after ESD ranged from a median of 4 months (range, 18 to 36) to 21 months (range, 6 to 48).

In terms of the methodological quality, the mean value of the awarded star was 4.56 (four stars \[four studies\] and 5 stars \[five studies\]) ([Table 3](#t3-kjim-2015-093){ref-type="table"}). The enrolled studies shared relatively similar methodological quality, and thus, a sensitivity analysis based on the methodological quality was not performed.

Overall efficacy and safety of ESD for the treatment of gastric SETs
--------------------------------------------------------------------

The overall efficacy of ESD for gastric SETs was evaluated using the complete resection rate, the recurrence rate, the survival rate, and the procedure-related adverse event rate. The pooled complete resection rate was estimated to be 86.2% (95% CI, 78.9 to 91.3; *p* \< 0.001) ([Fig. 2](#f2-kjim-2015-093){ref-type="fig"}). The recurrence rate was not given in the enrolled studies, and no cases of disease or procedure-related mortality were reported. The pooled procedure-related gastric perforation rate was 13% (95% CI, 9.4 to 17.6; *p* \< 0.001) ([Fig. 3](#f3-kjim-2015-093){ref-type="fig"}). Among the 34 SETs that were incompletely resected, 20 cases were diagnosed as leiomyoma, 10 cases were GISTs, one case was an ectopic pancreas, one case was a neurogenic tumor, and two cases were unknown ([Table 1](#t1-kjim-2015-093){ref-type="table"}).

Sensitivity meta-analysis
-------------------------

Sensitivity analyses were performed to show the robustness of the results of the main analysis. If the analysis was limited to the lesions that originated in the SM layer, the pooled complete resection rate was 91.4% (95% CI, 77.9 to 97; *p* \< 0.001) ([Fig. 4A](#f4-kjim-2015-093){ref-type="fig"}). If the analysis was limited to the lesions that originated in the MP layer, the pooled complete resection rate was 84.4% (95% CI, 78.7 to 88.8; *p* \< 0.001) ([Fig. 4B](#f4-kjim-2015-093){ref-type="fig"}). If the analysis was limited to the lesions that were diagnosed as GISTs, the pooled complete resection rate was 82.7% (95% CI, 70.5 to 90.6; *p* \< 0.001) ([Fig. 4C](#f4-kjim-2015-093){ref-type="fig"}). The pooled procedure-related gastric perforation rate of GISTs was 20.5% (95% CI, 10.8 to 35.4; *p* \< 0.001) ([Fig. 4D](#f4-kjim-2015-093){ref-type="fig"}). Among the eight cases of gastric perforation that were associated with GISTs, six cases originated in the MP and two cases originated in the SM.

The cumulative meta-analysis of the enrolled studies in the order of year published showed a constant and slightly increasing trend in the complete resection rate and the procedure-related gastric perforation rate ([Fig. 5](#f5-kjim-2015-093){ref-type="fig"}). The one study-removed meta-analysis of the enrolled studies in the order of the year published showed consistent results ([Fig. 6](#f6-kjim-2015-093){ref-type="fig"}). The study by He et al. \[[@b24-kjim-2015-093]\] demonstrated the most influential effect. This study has the largest enrolled population, and the methodological quality was relatively high among the enrolled studies.

Publication bias
----------------

A funnel plot for the included studies is illustrated in [Fig. 7](#f7-kjim-2015-093){ref-type="fig"}. These plots show a symmetrical shape.

In the publication bias analysis of the complete resection rate, Egger's regression test revealed that the intercept was 0.33 (95% CI, --1.86 to 2.51; *t* value, 0.35; df, 7; *p* = 0.37 \[1-tailed\] and *p* = 0.73 \[2-tailed\]). A trim and fill analysis showed that two studies were missed or trimmed. The rank correlation test indicated a Kendall's tau of 0.08 with a continuity correction (*p* = 0.38 \[1-tailed\] and *p* = 0.75 \[2-tailed\]).

In the publication bias analysis of the procedure-related gastric perforation rate, Egger's regression test revealed that the intercept was --0.72 (95% CI, --1.99 to 0.55; *t* value, 1.34; df, 7; *p* = 0.11 \[1-tailed\] and *p* = 0.22 \[2-tailed\]). A trim and fill analysis demonstrated that two studies were missed or trimmed. The rank correlation test indicated a Kendall's tau of --0.14 with a continuity correction (*p* = 0.30 \[1-tailed\] where *p* = 0.60 \[2-tailed\]).

Overall, no evidence of publication bias was observed in this analysis.

DISCUSSION
==========

According to the present study, ESD was found to be a technically feasible treatment modality for the treatment of SETs. The overall complete resection rate was 86.2%, which increased to 91.4% for lesions that originated in the SM. However, for the lesions that originated in the MP layer and for GISTs, the complete resection rate slightly decreased to 84.4% and 82.7%, respectively. The procedure-related perforation rate was 13%, which increased to 20.5% for the lesions that were diagnosed as GISTs.

Therapeutic outcomes that were commonly shared among studies relevant to this topic were the complete resection rate, the recurrence rate, the survival rate and the procedure-related adverse event rate, especially the gastric perforation rate. However, the meaning of these indices is not fully understood with respect to the treatment of SETs. Complete resection was not based on the surgical specimens in order to confirm the completeness of the resection. Moreover, the follow-up duration was limited to confirm the recurrence or survival and whether the complete resection was associated with the prognosis \[[@b1-kjim-2015-093]\]. Furthermore, we were unaware as to the natural history of the SETs, including GISTs, in our study \[[@b2-kjim-2015-093],[@b28-kjim-2015-093]\]. The enrolled studies did not include an analysis divided by low-risk and high-risk GISTs. One of the main obstacles in the use of ESD for SETs is the deep location of these lesions. It is obvious that lesions in the MP layer are more likely to be perforated by ESD. However, the majority of the cases from the enrolled studies were managed by endoscopic clipping without additional surgical treatments. Thus, the procedure-related gastric perforation rate might also be less significant, although the low perforation rate should be maintained. To clarify the meaning of the therapeutic outcomes, large-scale, long-term studies are needed.

Another issue is the technique of ESD. Several variations of ESD for the removal of gastric SETs have been performed including the following: endoscopic muscularis dissection, endoscopic SM tunnel dissection, endoscopic enucleation, or endoscopic full-thickness resection with laparoscopic assistance, and laparoscopic and endoscopic cooperative surgery \[[@b29-kjim-2015-093]\]. Endoscopic muscularis dissection is the procedure that is used for the removal of SETs that originate in the MP layer; in this method, the underlying proper muscle is dissected away from the tumor \[[@b29-kjim-2015-093],[@b30-kjim-2015-093]\]. Thus, this method could be distinguished from traditional ESD. However, in this meta-analysis, none of the enrolled studies differentiated these procedures, but rather, the traditional ESD technique was applied directly for the removal of SETs that originated in the MP. Therefore, therapeutic outcomes of ESD including endoscopic muscularis dissection were combined, and sensitivity analyses were performed and divided by the SET according to the layer of origin. Although this meta-analysis included only the ESD procedure, the various techniques described above are a candidate to be the mainstay of future treatment modalities.

Despite the technical feasibility of ESD for the treatment of gastric SETs, as described above, the most important issue is the establishment of indications. The selection criteria for the patients were similar among the enrolled studies, although a size discrepancy was noted among the indications ([Table 2](#t2-kjim-2015-093){ref-type="table"}). Only EUS was performed to determine the indications for the patients in all of the enrolled studies. Additionally, the layer in which the tumors originated, whether the tumors were of the extraluminal or intraluminal type, and the findings that indicated benign lesions such as lipoma or malignant lesions such as GIST were described. However, considering that in one of the enrolled studies, EUS was only accurate in 73% of the lesions for the determination of the layer of tumor origin, another diagnostic modality or factor should be added for the determination of the indications \[[@b21-kjim-2015-093]\]. Extraluminal type SETs and large-sized lesions were commonly excluded because of the technical difficulties and the high perforation risk. However, other factors such as a wide base or a narrow base, whether the lesions were well-demarcated or not, and whether endoscopic or EUS findings predicted the adhesion severity were not included in the indications.

This study is the first meta-analysis on the efficacy of ESD for the treatment of SETs. The strength of this study is the rigorous literature search. When possible, potential modifiers were detected within the articles, and sensitivity analyses were performed to confirm the robustness of the results. Despite the strengths, there are also several limitations. First, the number of enrolled patients in each study was too small. Each study has a potential of selection bias, and thus, the enrolled population might be heterogeneous. Second, the follow-up duration was too short. With the data from this meta-analysis, it is impossible to predict the long-term efficacy or the prognostic indices. Third, the experience and skill of the endoscopists with respect to ESD were not considered. ESD, including endoscopic muscularis dissection, is a highly complicated procedure that requires a high level of skill. The therapeutic outcomes including the procedure-related adverse event rates might be dependent on the experience of endoscopists. The limitations described above could also be a cause of heterogeneity and bias. Large-scale, well-organized, long-term follow-up studies are therefore needed to establish proper indications of ESD for the treatment of SETs.

In conclusion, ESD including endoscopic muscularis dissection is a technically feasible procedure for the diagnosis and treatment of SETs. For the development of proper indications for ESD for the treatment of SETs, additional studies are needed.

KEY MESSAGE
===========

1\. Current evidence indicates endoscopic submucosal dissection (ESD) including endoscopic muscularis dissection is technically feasible procedure for the treatment of subepithelial tumors (SETs).

2\. However, selection bias is suspected from the enrolled studies. For the development of proper indication about ESD for SETs, further studies are needed.
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###### 

Clinical data of included studies

  Study                                             Duration of follow-up           Location (language)   Originating layer   Complete resection                 Incomplete resection                                                                           Total recurrence                                      Mortality                                             Adverse events                                                                                Total patients (M/F)
  ------------------------------------------------- ------------------------------- --------------------- ------------------- ---------------------------------- ---------------------------------------------------------------------------------------------- ----------------------------------------------------- ----------------------------------------------------- --------------------------------------------------------------------------------------------- ----------------------------
  Lee et al. (2006) \[[@b20-kjim-2015-093]\]        Mean, 10.9 mon (range, 2-20)    Taiwan (English)      MP                  9/12                               GIST (2), leiomyoma (1)                                                                        0/12^[a](#tfn1-kjim-2015-093){ref-type="table-fn"}^   \-                                                    0/12                                                                                          11 (12 lesions) (6/5)
  Hoteya et al. (2009) \[[@b7-kjim-2015-093]\]      Mean ± SD, 519 ± 290 day        Japan (English)       SM                  9/9                                \-                                                                                             0/9                                                   \-                                                    0/9                                                                                           9 (4/5)
  Bialek et al. (2012) \[[@b21-kjim-2015-093]\]     Median, 21 mon (IQR, 11-35)     Poland (English)      SM or MP            30/37 (15/15 in SM, 15/22 in PM)   GIST (2), leiomyoma (5)                                                                        0/30^[b](#tfn2-kjim-2015-093){ref-type="table-fn"}^   \-                                                    Perforation 2/37 (GIST); MP origin                                                            37 (14/23)
  Catalano et al. (2013) \[[@b22-kjim-2015-093]\]   Median, 21 mon (IQR, 6-48)      Italy (English)       SM (17), MP (3)     18/20 (15/17 in SM, 3/3 in MP)     GIST (1), ectopic pancreas (1)                                                                 \-                                                    0/10^[c](#tfn3-kjim-2015-093){ref-type="table-fn"}^   Bleeding 0/20 perforation 3/20 (GIST); 2 SM, 1 MP origin                                      20 (7/13)
  Kobara et al. (2013) \[[@b23-kjim-2015-093]\]     Median, 4 mon (range, 18--36)   Japan (English)       SM                  3/3                                \-                                                                                             0/3                                                   0/3^[d](#tfn4-kjim-2015-093){ref-type="table-fn"}^    0/3                                                                                           3 (1/2)
  He et al. (2013) \[[@b24-kjim-2015-093]\]         Mean ± SD, 19.14 ± 10.29 mon    China (English)       MP                  134/145                            Leiomyoma (11)                                                                                 0/145                                                                                                       Bleeding 7/145 perforation 21/145^[e](#tfn5-kjim-2015-093){ref-type="table-fn"}^; MP origin   144 (145 lesions) (40/104)
  Zhang et al. (2013) \[[@b25-kjim-2015-093]\]      Mean, 12 mon (range, 6-36)      China (English)       MP                  17/18                              \-                                                                                             0/17^[f](#tfn6-kjim-2015-093){ref-type="table-fn"}^   \-                                                    Perforation 2/18; MP origin                                                                   18 (7/11)
  Chun et al. (2013) \[[@b26-kjim-2015-093]\]       Mean ± SD, 6.13 ± 9.02 mon      Korean (English)      MP                  26/35                              GIST (4), leiomyoma (3), neurogenic tumor (1)^[g](#tfn7-kjim-2015-093){ref-type="table-fn"}^   \-                                                    \-                                                    Perforation 2/35^[h](#tfn8-kjim-2015-093){ref-type="table-fn"}^; MP origin                    35 (14/21)
  Li et al. (2013) \[[@b27-kjim-2015-093]\]         Mean, 25 wk (range, 10-45)      China (English)       MP                  10/11                              GIST (1)                                                                                       \-                                                    \-                                                    Bleeding 1/10, perforation 3/10 (GIST); MP origin                                             11 (5/6)

MP, muscularis propria; GIST, gastrointestinal stromal tumor; SM, submucosa; IQR, interquartile range.

Eight months were followed in the subepithelial tumors (SETs) with incomplete resection.

SETs with complete resection were followed-up.

Disease-specific mortality: patients with GIST were followed-up for 5 years.

Disease-specific mortality.

Eighty cases were located in fundus, two at body and one at antrum.

SETs with complete resection were followed-up.

Remaining 1 incompletely resected SET is unknown (gastritis cystica profunda or inflammatory fibroid polyp).

One case was neurilemmoma and the other case was schwannoma.

###### 

Clinical data of included studies

  Study                                             Indication                                                                                                                                                                                   Symptom /sign (n)                                                                Age, yr                                   Size, mm                                Procedure time, min                      Pathologic diagnosis                                                                                              Sedation
  ------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------- ----------------------------------------- --------------------------------------- ---------------------------------------- ----------------------------------------------------------------------------------------------------------------- ----------------------------------------------
  Lee et al. (2006) \[[@b20-kjim-2015-093]\]        MP origin (greater than 5 cm or extraluminal type SET was excluded) by EUS                                                                                                                   0/12                                                                             Mean, 63.3 (range, 44-78)                 Mean, 20.7 (range, 6-40)                Mean, 60.9 (range, 20-170)               GIST (8), leiomyoma (4)                                                                                           Conscious sedation
  Hoteya et al. (2009) \[[@b7-kjim-2015-093]\]      MM, SM origin (non-MP origin) by EUS                                                                                                                                                         \-                                                                               Mean ± SD, 52.3 ± 18.2                    Mean ± SD, 38 ± 22.1 (range, 7-65)      Mean ± SD, 116.1 ± 69.5                  \-                                                                                                                Conscious sedation (4 general anesthesia (5)
  Bialek et al. (2012) \[[@b21-kjim-2015-093]\]     1-8 cm sized, no EUS signs of lipoma (extraluminal type SET was excluded)                                                                                                                    12/37 (GI bleeding 7, abdominal pain 4, unidentifiable 1)                        Median, 63 (range, 24-86)                 Median, 25 (range, 10-60; IQR, 17-37)   \-                                       \-                                                                                                                General anesthesia
  Catalano et al. (2013) \[[@b22-kjim-2015-093]\]   1-6 cm sized, no EUS signs of lipoma (extraluminal type SET was excluded)                                                                                                                    3/20 (GI bleeding)                                                               Mean, 57.1 (range, 23-83)                 Median, 29 (range, 15-60)               Median, 119.1 (range, 40-240)            GIST (10), ectopic pancreas (6), leiomyoma (3), ectopic spleen (1)                                                General anesthesia
  Kobara et al. (2013) \[[@b23-kjim-2015-093]\]     SM origin by EUS, symptomatic SET strongly suspected to be a benign on endoscopy, EUS or CT/histologically confirmed carcinoid ≤ 10 mm with no LN or distant metastasis found prior to ESD   2/3 (abdominal fullness 1, unidentifiable 1)                                     Median, 64 (range, 41--76)                Median, 20 (range, 9-30)                Median, 37 (range, 32-41)                Lipoma (2), neuroendocrine tumor (1)                                                                              Conscious sedation
  He et al. (2013) \[[@b24-kjim-2015-093]\]         Intraluminal SET without ulceration/maximal diameter \< 5 cm/no LN or distant metastasis/blood platelet count and coagulation test within normal limits                                      67/144 (epigastric pain 26, abdominal discomfort 25, heartburning 9, others 7)   Mean ± SD, 55.75 ± 11.29 (range, 18-78)   Mean ± SD, 15.14 ± 9.7 (range, 3--50)   Mean ± SD, 63.41 ± 23.12                 GIST (89), leiomyoma (52), neuroendocrine tumor (3), lipoma (1)                                                   General anesthesia
  Zhang et al. (2013) \[[@b25-kjim-2015-093]\]      Greater than 5 cm or extraluminal type SET by EUS was excluded                                                                                                                               \-                                                                               Mean ± SD, 65.3 ± 6.3 (range, 30-71)      Mean ± SD, 26 ± 12 (range, 10-35)       Mean ± SD, 90 ±38 (range, 50-120)        GIST (13), leiomyoma (4)                                                                                          General anesthesia
  Chun et al. (2013) \[[@b26-kjim-2015-093]\]       MP origin (extraluminal type SET was excluded) by EUS                                                                                                                                        \-                                                                               Mean ± SD, 54.15 ± 9.3                    Mean ± SD, 17.99 ± 7.86                 Mean ± SD, 32.29 ± 20.55 (range, 7-84)   Leiomyoma (21), GIST (10), neurogenic tumor (2), gastritis cystica profunda (1), inflammatory fibroid polyp (1)   Conscious sedation
  Li et al. (2013) \[[@b27-kjim-2015-093]\]         Age \> 18 yr/MP origin/1-3 cm sized/intraluminal type SET by EUS/SET located at the gastric fundus                                                                                           \-                                                                               Median, 59.3 (range, 33-78)               Mean ± SD, 18.8 ± 17.2                  Mean, 81 (range, 45-130)                 GIST (8), leiomyoma (3)                                                                                           General anesthesia

MP, muscularis propria; SET, subepithelial tumor; EUS, endoscopic ultrasound; GIST, gastrointestinal stromal tumor; MM, muscularis mucosa; SM, submucosa; GI, gastrointestinal; IQR, interquartile range; CT, computed tomography; LN, lymph node.

###### 

Methodological quality of included studies measured by Newcastle-Ottawa scale

  Study                                             Selection   Comparability   Exposure or outcome   Total score
  ------------------------------------------------- ----------- --------------- --------------------- -------------
  Lee et al. (2006) \[[@b20-kjim-2015-093]\]        ☆☆☆         \-              ☆                     4
  Hoteya et al. (2009) \[[@b7-kjim-2015-093]\]      ☆☆☆         \-              ☆☆                    5
  Bialek et al. (2012) \[[@b21-kjim-2015-093]\]     ☆☆☆         \-              ☆                     4
  Catalano et al. (2013) \[[@b22-kjim-2015-093]\]   ☆☆☆         \-              ☆                     4
  Kobara et al. (2013) \[[@b23-kjim-2015-093]\]     ☆☆          \-              ☆☆                    4
  He et al. (2013) \[[@b24-kjim-2015-093]\]         ☆☆☆         \-              ☆☆                    5
  Zhang et al. (2013) \[[@b25-kjim-2015-093]\]      ☆☆☆         \-              ☆☆                    5
  Chun et al. (2013) \[[@b26-kjim-2015-093]\]       ☆☆☆         \-              ☆☆                    5
  Li et al. (2013) \[[@b27-kjim-2015-093]\]         ☆☆☆         \-              ☆☆                    5
